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INTRODUCTION

As is true of many other insects, crickets canlleeaa sound source
during flight. Recently much attention has beerdgai cricket phonotaxis
during tethered flight (e.g. Moiseff et al., 1978plen and Hoy, 1986).
Investigations of neuronal networks controlling gimuscles of crickets
have also been conducted (Robertson, 1987; Heh@ff)). Wing beats of
flying insects are accompanied by cuticular vilmas and sound, which
one can consider to be noise preventing percepaioth analysis of
acoustical signals. Thus, a question arises abaethamisms which
diminish the negative effects of noise, or in otlheords, about the
functional interaction between the auditory systand the neuronal
network which controls flight. In this paper, thesults of an investigation
of the influence of rhythmic sound signals on thieket flight system are
described.

METHOD

Female crickets (age of 2-4 days after the last)madre used in the
experiments) A wire (diameter 0.2 mm, length 30 nwas attached by
wax to the pronotum of a cricket. The other enthefwire was connected
rigidly to a piezoelectric vibrosensor. The outpeiectrical signal,
transformed into an impulse form (I) correspondedritythmic thorax
oscillations at the beginning of the down-strokehef wings. The temporal
relation between the impulses and wing positionewercorded by means
of stroboscopic photography. The stimulating adoaksignal was formed
by means of a special generator constructed itatieatory.
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RESULTS AND DISCUSSION

The period of the wing strokes (T) in female critskiss highly stable.
The average value of T is 39 +2 ms. The impulse®wened and stored
in relation to the input stimuli (PSTH) was carriedt during acoustic
stimulation by the calling song (Fig. 1).
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Fig. 1. Post-stimulus time histogram (PSTH) of wingats (downstrokes)
during synchronization of the flight rhythm with @cstic stimuli. Bin width - 4 ms,
spike data collected during 6 s. The stimulus, iapcbf a synthetic male calling song
is shown below the histogram.

The flight rhythm was found to be "temporally coegbl to the sound
rhythm. To investigate this effect in detail we dighe method of string
decomposition of the rhythmic process, the begigrand the end of each
string being coincident in time with the beginniofgthe periodic stimulus.
Figure 2A illustrates the process of synchronizaod desynchronization
of the flight rhythm during sound stimulation. Inig¢ case each phase line
can be divided into three parts: 1-2, linear insesaf stroke period (T); 2-
3, synchronization (phase shift in the range ofdif/the period T); and 3-
4, desynchronization. This sequence in the restrugguof the flight
rhythm is the most typical effect and is observedll experimental
insects. The results in interval 1-2 are describesdt by a parabolic
function. This observation will be clearer if wengiruct the second
symmetric part of the process (interval 2-5). Ttaasfer from point 2 to
synchronization is not obligatory. A segment oftepe line without
'stimulus capture' of the stroke rhythm is showFim 2B.
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Fig.2. Effect of acoustic stimuli on the flight path. Horizontally adjacent
points display wingbeats (hind wings at the begignof downstroke). 1-5 points on
the phase line. The stimuli are shown below therrgg. Shaded stripe indicates time
when SPL increased from 30 to 40 dB.

It can be noted that the stroke period (38 mshendection 2-3 (Fig.
2A) is not equal to the period of pulse repetit{dd ms). This effect was
typical for all experimental females. One can dtbe conclusion that the
tuning of the motor pattern occured in respongéécchirp as a whole. To
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check this suggestion, we stimulated females wirigle pulses with a
duration of 6, 20 or 80 ms and a repetition pefroth 320 to 360 ms. An
example of a flight pattern synchronization wittran of single pulses (6
ms) is shown in Fig. 2C.

The phase curve in section 3-4 (Fig. 2A) which eeft a
desynchronizing process, has specific bends direegularity in the phase
change. This effect is shown more obviously in R§, where short
repetitive capture of the stroke rhythm by the ati@al stimulus occurs.
The tendency to change the period T after a desgndation can be
different even in one insect. As is shown in FiDQ, 8ynchronization takes
place twice.
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Fig. 3. Relationship between movements of hindwiagd noise pulses. A:
Horizontally adjacent points indicate the beginnimighindwings downstroke (B) C:
Noise pulses are produced by hindwings at the ehdowvnstroke (D). E: The

acoustical stimulus - synthetic calling song. B @nd stroboscopic photographs. Time
scale 50 ms.

In general a multiple synchronization of the rhytkan occur in the
course of stimulus action. It is likely that contous confirmation is
required to support flight system activity syncheaa with an acoustic
stimulus. Let us suppose that a flying female geesea conspecific signal
and turns towards its source. Then the amplitudsoahd will rise rapidly
as the distance between the female and the catlialg decreases. It is
possible that this effect is responsible for maimitey synchronization.

We carried out experiments specifically desdjnto check this
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suggestion. A model of the calling song was preskin females and then
the amplitude of the signal was increased by 10vaBiotonically over a

1.5 s interval. An increase in amplitude of morantt80 dB resulted in

synchronization (Fig. 2F).

The reader may note than the threshold for onsetynthronization
(30-35 dB) is low, especially in view of the fadtat a flying female
produces an easily audible sound which occurs etntbment the hind
wings meet in the terminal low position (Fig. 3).

The envelope of this sound is a 'pulse' with prowad noise
components and a duration of 1/6-1/4 T. The spectod the noise is
almost linear over the whole range of measurem&ntO( kHz). The
beginning of the pulse has a delay equal to 1/4F1i#3 relation to the first
impulse |. The noise appears concurrently with saon of the wing and
has an amplitude of about 45-50 dB near the ayddagan of the cricket.

The mutual time relationship between the stimugatiound and the
noise pulses when the flight rhythm is synchroniaddws us to suggest
that the female tries to extract the initial phas¢he rhythmic signal from
the noise, which can be considered as 'a timeeneder point' for further
analysis of the chirp. It is clear in this case hibw female can extract a
useful signal from continuous rhythmic noise, whishabout 10-20 dB
above the signals.

Furthermore, we can suggest that there must beonaluconnections
between the flight neurons and the auditory systecessary to suppress
responses to the broad band noise which appeatdtamaously with the
wing movements.

In theory, there are three possible basic mechasisoh
synchronization: 1) reflective stroke right aftéretoccurence of the
acoustical stimulus; 2) delaying the next stroketauphe moment that the
sound arrives; and 3) an adjustment of the strake@ T by means of a
special compensatory system. A corresponding gmageor prolongation
of the flight cycle must occur, which coincidestime with the onset of
the stimulus. Stable synchronization is impossidlee to the limited
possibilities of such variations. In both casesageh lines must be
dramatically different in form before and after theginning of the
stimulus. There are no essential differences in Ejgand this indicates
that there is the special compensator system wimelkes smooth
variations in the period T.
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Investigation of phonotaxis in the flying cricketasvs that acoustic
information is used actively for flight control. ©data indicate that this
information exerts an influence on the rhythmiciatt of the flight
system. Analysis of the data obtained can defineast three features of
such influence: 1. The auditory system must hameeahanism to extract
the time interval corresponding to the repetitiaripd of the chirp. A
study of Wiese and Albrecht (1990) indicates tunofgcertain auditory
interneurons to this interval. 2. The motor systtsalf cannot perform the
extraction of this rhythm, because its main petimdubstantially shorter
than the repetition period of chirps. 3. The weapehdence of phase
tuning in the motor system on the sound stimulusctire (the number of
pulses and stimulus duration) suggests that thentamds from the
auditory system are concerned with the beginningheffirst pulse in a
chirp.

We conclude that a detailed study of diagrams whsattow
synchronization permits some conclusions to be draabout the
morphofunctional organization of the flight pattegenerator itself. Thus
auditory signals can be used as natural stimulesb a motor system and
model of it. Our approach may be useful for un@erding other problems
concerned with the effect of fast exogenous rhyttonsendogenous
rhythmic processes in the nervous system.
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